ERp57 is protective against mutant SOD1-induced cellular pathology in amyotrophic lateral sclerosis.
Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disorder and mutations in superoxide dismutase 1 (SOD1) account for 20% of familial ALS cases. The aetiology of ALS remains unclear, but protein misfolding, endoplasmic reticulum (ER) stress and neuronal apoptosis are implicated. We previously established that protein disulphide isomerase (PDIA1) is protective against ER stress and apoptosis in neuronal cells expressing mutant SOD1, and recently mutations in PDIA1 and related PDI family member endoplasmic reticulum protein 57 (ERp57/PDIA3), were associated with ALS. Here, we examined whether ERp57 is also protective against mutant SOD1 or whether distinct specificity exists amongst individual PDI family members. Neuronal cells co-expressing SOD1 and ERp57 were examined for inclusion formation, ER stress, ubiquitin proteasome system (UPS) dysfunction and apoptosis. Over-expression of ERp57 inhibited inclusion formation, ER stress, UPS dysfunction and apoptosis, whereas silencing of ERp57 expression enhanced mutant SOD1 inclusion formation, ER stress and toxicity, indicating a protective role for ERp57 against SOD1 misfolding. ERp57 also inhibited the formation of mutant SOD1 inclusions and apoptosis in primary cortical neurons, thus confirming results obtained from cell lines. ERp57 partially co-localized with TAR DNA-binding protein-43 (TDP-43)-positive inclusions in spinal cords from sporadic ALS patients, thus linking ERp57 to protein misfolding in human sporadic disease. Our results therefore imply that ERp57 has a protective role against pathological events induced by mutant SOD1 and they link ERp57 to the misfolding of TDP-43. This study therefore has implications for the design of novel therapeutics based on the activities of the PDI family of proteins.